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TYPE 
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signor, by mesne assignments, to International 
Standard Electric Corporation, New York, N.Y., 
a corporation of Delaware 

Application December 19, 1945, Serial No. 636,018 
in Great Britain January 21, 1944 

Section 1, Public Law 690, August 8, 1946 
Patent expires January 21, 1964 

The present invention relates to electron dis 
charge devices of the electron Velocity modula 
tion type, and is concerned more particularly 
with tuning means for such devices which employ 
coaxial line resonators. 
The invention provides an electron discharge 

device comprising a coaxial line resonator en 
closed in an insulating envelope and having a 
central conductor spaced from the Walls of the 
resonator by a pair of gaps, the said conductor 
having a passage therethrough between the Said 
gaps, and means for projecting a stream of elec 
trons from a cathode across the resonator through 
the said passage and past the Said gaps for ex 
citing oscillations in the said resonator, the Said 
means including means for applying an accelerat 
ing voltage to the electrons, and the Said gaps 
being so proportioned that the change of oscilla 
tion frequency with change of accelerating Volt 
age is a maximum. 
Another feature of the invention consists in 

an electron discharge device comprising an in 
sulating envelope enclosing a coaxial line reso 
nator having a central conductor spaced from the 
walls of the resonator by a pair of gaps, the Said 
conductor having a passage therethrough be 
tween the said gaps, and electrodes adapted. When 
appropriately polarised for projecting a beam of . 
electrons across the resonator through the Said 
passage and past the said gaps for exciting Oscil 
lations in the said resonator, a metal annular disc 
being sealed through the said envelope to which 
disc the resonator is rigidly attached. 
A further feature is an electron discharge de 

vice comprising an insulating envelope enclosing 
a coaxial line resonator having a central con 
ductor spaced from the walls of the resonator by 
a pair of gaps, the said conductor having a 
passage therethrough between the Said gaps, and 
electrodes adapted when appropriately polarised 
for projecting a beam of electrons acroSS , the 
resonator through the said passage and past the 
said gaps for exciting oscillations in the Said 
resonator, a lead-out conductor rod being Sealed 
through the said envelope and capacity coupled 
to the central conductor of the resonator. 
The above device is of the type described in 

British patent specification No. 537,490 and it is 
Well known that in devices of this kind the Wave 
length generally varies when the accelerating 
voltage is varied, though the total range of pos 
sible variation is usually rather Small. For Some 
purposes, attention is directed to the reduction of 
this variation so that the performance of the 
device is not greatly affected by fortuitous 
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changes in the operating conditions. The prin 
cipal object of the present invention, however, is 
to increase the range of variation in order to 
provide a convenient means for tuning the 
device. 
The possibility of tuning the resonator by ad 

justment of the accelerating voltage arises from 
the fact that the electron beam passing across 
the modulating and working gaps effectively in 
troduces a Susceptance load across the resonator, 
the value of which depends on the velocity of the 
electrons and on the density of the beam. The 
fin System used to define the gaps loads the 
resonator with a constant Susceptance which op 
erates in parallel with the variable susceptance 
introduced by the electron beam and therefore 
tends to reduce the range of tuning which can 
be obtained. 
A study of the problem has shown that the foll 

lowing conditions should be fulfilled in the design 
and operation of a device according to the 
invention: 

1. The resonator should be designed. So that 
the resonance frequency changes rapidly with 
changes in the effective susceptance load pro 
duced by the electron beam. 

2. The drift tube should be designed. So that 
the electrons occupy a large number of quarter 
periods of the generated wave in passing through 
it. 

3. The modulating and working gaps should 
have a high efficiency. 

4. The device should be designed to permit the 
use of a high operating current, while the starting 
current should be low. 

5. The accelerating voltage applied between the 
cathode and the resonator should be low. 
In devices where high Stability of operation is 

required Such, for example, as those described in 
the copending British application No. 17,311/42, 
the requirements are the reverse of some of those 
stated above. In the case of the present inven 
tion it will be evident that since tuning is by 
adjustment of the accelerating voltage, it is most 
desirable that the adjustable Source of Voltage 
should be constant in the Sense that the Voltage 
for any given Setting does not vary. 

Certain. of the above mentioned conditions are 
contradictory and it is, therefore, necessary to de 
sign the apparatus So that the contradictory ef 
fects result in the maximum tuning range. For 
example, conditions 1 and 3 are in conflict, since 
a high gap efficiency requires a short gap and thus 
increases the constant Susceptance load. It is, 
therefore, necessary to adjust the gap width so 
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that the two factors operate to produce the maxi 
mum tuning range. Apart froin this, condition 1 
requires that the coaxial line should be not longe 
than one quarter of the operating Wavelength. 
The devices according to the present invention 
accordingly employ resonators of this length. In 
one preferred form, the resonator comprises, a tu 
bular outer conductor Welded or otherwise Se 
cured at one end to an annular disc Sealed through 
the envelope of the device. The generated. WaveS 
may be obtained directly from the open end of 

5 

the resonator, or the energy may be extracted by 
neans of a loop and probe inserted through the 
closed end. 

It may be pointed out, in connection With con 
dition 4, that a high operating current implies 
that the device must be designed to permit a high 
dissipation, which is assisted by the use of the an 
nular disc sealed through the envelope, and the 
cathode must allow the desired current to be : 
drawn therefrom without destroying it. It is, 
therefore, most necessary that the focussing ar 
rangements for the electron beam should be very 
efficient so that the minimum number of elec 
trons are wasted. 

Condition 5 conflicts. With this requirement, 
since the usual electrostatic focussing arrange 
ments are ineffective when the beam current is 
high and the accelerating voltage is low. For this 
reason magnetic focussing is almost indispensable 
for devices designed according to the present in 
vention. 

In order to obtain a large beam current, a wide 
blade-like beam is preferably used. 
The invention is illustrated in the accompany 

ing drawings, in which: 
Fig. 1. shows diagrammatically with parts in 

longitudinal section of a device adaptable for 
electronic tuning; 

Fig. 2 shows a transverse section, taken along 
line. 2-2 of the diagrammatical portion of Fig.1; 

Fig. 3 shows diagrammatically with parts in 
section a modification of Fig. 1; - - 

Fig. 4.shows the device of Fig. I coupled to a 
wave guide; 

Fig. 5 shows diagrammatically with parts in 
Section a device according to the invention cou 
pled to an external mechanically tunable res 
onator; 

Figs. 6 and 7 show a side view and a bottom 
view, respectively, of a practical form of a device 
according to the invention; and 

Fig.8 shows an alternative arrangement similar 
to Fig. 5. 

Referring to FigS. and 2, the resonator of 
the device comprises a Short metal tube closed at 
the lower end and open at the upper end. Fins 2 
and 3 attached to the Wall of the resonator and 
fins 4 attached to the central conductor 5 define 
a slot for the passage of the electron beam gen 
erated by the usual means (not shown). The 
resonator is attached to an annular disc & sealed 
to the glass envelope 7, the lower part of which is 
cut away. The upper - end of the envelope is 
closed by a very shadow glass cup 8 also sealed to 
the disc 6, The waves generated pass out through 
the open end of the resonator which, however, has 
been given a diameter below the cut-off diameter, 
and thus acts to attenuate the Waves so that only 
a small proportion emerges beyond the disc; this 
arrangement is suitable where only very loose coul 
pling to a load is desired. 

Eig. 3, shows a modified arrangement in which 
tie-leggnator is closed at the upper end, the en 
ergy being extracted from the closed end by 
means of a wire loop 8 placed in a strong part of 
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the field connected to a probe 6 extending 
through the closed end. The lower end of the 
resolator inay be left open as shown if the diam 
et3r is below the cut-off diameter, so that very 
little energy can escape this way. The arrange 
ment, Saown in Fig. 3 crovides an eficient means 
of extracting the energy, and is suitable where 
tight copiing With a load is desired. 
The principal consideration in designing a de 

Vice according to the invention is the choice of 
the gap-length which gives the maximum change 
of frequency with change of accelerating voltage. 
Other dimensions are mainly determined by the 
nean frequency, eam current, and the like, de 
sired for the device. The conditions governing 
the gap length are very connplicated, and it has 
been found that the best procedure is to calculate 
the frequency change obtained for each of a num 
ber of different gap lengths and to plot the results 
On a curve. Slica a curve Saily shows a maxi 
mum for some particular value of the gap length, 
and this particular value is therefore chosen. 
The manner in which these calculations may be 

performed Will now be explained. The resonator 
can be regarded as consisting of two short trans 
inission lines connected in tandern, the first of 
which is constituted by the central fin 4 (see Fig. 
1), and the fins 2 and 3 in parallel. The charac 
teristic impedance of this line is Z1 and the elec 
trical length (that is, the total phase change suf 
fered by a wave travelling therethrough) is 01. 
The second transmission line is the lower portion 
of the resonator between the outer conductor and 
the central conductor 5. This line is short cir 
cuited at its end, and its characteristic impedance 
and electrical length are denoted as 22 and 92 re 
spectively. 
When designing for a given wavelength, the 

value of 02 has to be determined. It is given by 
the equation Z1=22 tan 01.tan 02:21 depends on 
the gap length G and is calculated for each 
chosen value of G.Z2 is known from the dimen 
Sions of the resonator, and 61 from the length 
of the fins, and so 02 is found for each value of G. 

Let f be the mean frequency of the device, 
which is obtained when the accelerating volt 
age applied between the cathode of the device 
and the resonator has the mean value W. Let. 
df be the total frequency change obtained when 
the accelerating voltage is varied between the 
limits W1 and V2, which are the maximum and 
minimum voltages, respectively, for which the de 
vice will oscillate. Let n be the number of quarter 
periods occupied by the electrons in passing be 
tween the fins 8. The value of 12 will be of the 
form 4:r-|-1 where r is an integer or zero, and 
as already stated, 12 should be made as large as 
pOSSible. It can be shown that, approximately, 
V1=m2V/(n-1)2 and Vo=m2V/(n-1)2. 
Calculation shows that 

dif-Z1.ds sin 26 
F -- 2, 1+ 20 

in which 
12 I - - 

dS=ion 1)8812- (n+1)b, (n2) it 
2n.2V 1. IR2 aiya, to ital 

and 

Y= (81-2202/21). Sin?01-- (91-2102/Za) cos291 
in the ex: pressioth for ds, E is the electron bean: 

Current, R is the resonant impedance of the 
resonator, and 81 and 32 are the mean square. 
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values of the efficiency factor 3 of the gap at 
voltages W1 and W2, respectively. These factor 
are calculable by known methods. . . . . 
The value of 61, which should not exceed 1. 

radian, is usually determined by the voltage 
distribution along the fins, by the beam cur 
rent desired, and by the maximum electron 
emission density allowable for the cathode. 
This may be of the order of 1 ampere per square 
centimetre, and if, for example, a beam cur 
rent of 20 milliamperes is required, the mininuin 
croSS Section of the beam is thus determined. 
The thickness of the beam is determined by 
the spacing t of the fins (see Fig. 2) which 
should not be too great or the efficiency factor 
B will be affected. The value of t should 
probably be of the order of 1% of the wave 
length, When the voltage V is of the order of 200 
volts, for example. Thus the length of the fins, 
on which 01 depends, is fixed, but its value should 
preferably not exceed 1 radian. If this should 
happen, either t should be increased or a lower 
beam current used. 
The resonance frequency of the arrangement 

is that frequency for which the approximate con 
dition 21=22 tan. 61. tan 82 holds. However, as 
already mentioned, the Smallest value of 02 Satis 
fying the condition should be chosen so that the 
resonator is effectively not more than a quarter 
Wavelength long. 22 should be made as large 
aS is permitted by mechanical consideration. 

After having found the best value of G from 
the curve in the manner explained, the corre 
Sponding starting current for the device should 
be checked in order to be sure that it is not 
greater than about one third of the beam cur 
rent it is proposed to use, otherwise the equa 
tions given above do not hold with sufficient 
accuracy. If the starting current should come 
out too high the process of determining G using 
a different value of t should be repeated. 
In order to decrease the capacity acroSS the 

gaps, the thickness of the fin material should be 
made as Small as mechanical considerations 
allow. 
In order to give an example, dinnensions are 

quoted for a particular case of a device designed 
in the manner explained in Order to obtain the 
maximum value of dif/f, magnetic focussing being 
used, 
Wavelength of operation.--- 10 cms. 
Electron transit time in 

drift tube---------------. 9 quarter periods 
Accelerating voltage W.----. About 250 volts 
Current density of beam-l. 1 amp. per Sq. cin. 
Beam current-------------- 20 millianpS 
Tuning range-------------- -- 15 (negacycles 

per Sec. 
Length of fins-------------. 1. Cna. 
Length of central conductor 0.56 cm. 
Width G of gapS----------- 0.05 cin. 
Thickness t of beam-------- 0.05 cm. 
Enternal diameter of 
resonator---------------- 0.8 cm. 

The diameter of the central conductor Was 
chosen to make the characteristic impedance of 
Z2 about 90 ohms, and the thickness of the mate 
rial used for constructing the resonator and fins 
Was about 0.4 mm. It will be understood, of 
course, that this is only one example of a device 
designed according to the invention; and if an 
other device is required for some other Wave 
length, other dimensions would be used. 

It will be seen from the above table of values 
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6 
that the value of Wis only 250 volts. The accel 
erating voltage used in devices of this kind not 
intended for electronic tuning is commonly of 
the Order of 1500 volts; thus it will be under 
stood that in condition 5 above, a low acceler 
ating voltage means something like a quarter of 
the usual accelerating voltage, or less. 

: The device designed according to the inven 
tion may be coupled, for example, to a wave 
guide or coaxial line by assembling it through a 
hole in the Wall of the guide So that the coaxial 
resonator forms effectively a side tube, the annu 
lar disc 6 being used effectively to complete the 
wall of the wave guide. Such a guide may con 
tain mixing arrangements for modulating or de 
modulating a signal Wave. In such a case, a de 
vice provided with electronic tuning is particu 
larly desirable to serve as the local oscillator, 
preferably in the form described With references 
to Fig. 1. The oscillator is directly coupled to the: 
Wave guide Without intermediate transmission. 
line and no mechanical tuning arrangements are: 
required. The apparatus thus becomes extremely 
Simple. This can be seen from Fig. 4. The de 
vice 3 as described with reference to Fig. 1 is: 
coupled directly to the coaxial line 3 through a 
Suitable aperture 4, the disc 6 completing the 
Wall of the coaxial line. Signals are entering at 
the end 5 of the coaxial line, the conductor 6 
of Which terminates in a demodulating means 

Such as a crystal. The usual matching stubs 
8 and 9 are provided. 
The desired loose coupling results from the 

short length of tube 20 at the mouth of the 
resonator as already explained, and this pre 
vents any serious loss of the signal or interme 
diate frequency waves in the resonator. The 
necessary tuning of the device 2 to suit the in 
coming signals is very simply achieved by adjust 
ing the accelerating voltage as explained above. 
AS shown in Fig. 5, the device according to the 

invention may, if desired, be provided with me 
chanical tuning to supplement the electronic 
tuning already described. An external coaxial 
resonator 2 with an adjustable annular tuning 
piston 22, of known form, may be coupled to the 
annular disc 6 in order to form effectively an 
axial continuation of the internal coaxial reso 
nator. Any other suitable type of coaxial piston 
may be used. This figure shows another method 
according to the invention for extracting the en 
ergy from the device. The central conductor 23 
of the external resonator is capacity coupled to 
the central conductor 5 of the internal resonator 
A by means of a Suitable rod conductor 24 which 
is sealed through the cup portion 8 of the en 
velope of the device, and which terminates in a 
Small metal plate 25 placed near the fins 4 of 
the central conductor 5 inside the envelope. Ens 
ergy may be extracted from the resonator 2 by 
means of a coaxial transmission line 26 passing 
through the piston 22 and terminating in a loop 
2 inside the external resonator. In a particular 
case, the disc 25 was about 434 mm. in diameter 
and was Spaced a distance of about 0.6 mm. from 
the fins 4. 

It is found that the generated wavelength can 
usually have two different values for each set 
ting of the piston, except over a certain inter 
mediate portion of the range of the piston, when 
Only One Value is possible. This intermediate 
range should preferably be used, and its extent 
is determined by the value of the capacity used 
to couple the two central conductors together, 
which may be suitably chosen, 
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The range of electronic tuning is decreased and 
the useful range of the mechanical tuning is 
increased when the above-mentioned coupling 
capacity is increased, and vice versa. The two 
tuning ranges are, therefore, complementary. 

It will be understood that an arrangement like 
the rod 24 and plate 25 may be used to couple 
the resonator to any kind of outside load, and 
are not necessarily confined to the particular 
case shown in Fig. 5. 

Figs. 6 and it show a practical form of con 
struction for a device according to the invention. 
The device is mounted inside a protective cylin 
drical metal tube 28, having at One end an insul 
lating base carrying terminals. 29 for the elec 
trodes of the device, and having at the other end 
two diametrically opposite apertures 30 (only 
one of which is designated) through which the 
envelope portion 7 of the device can be seen. 
The metal tube 28 is provided with a flange 3 f : 
to Which is screwed an annular disc 32. The 
copper disc 6 is sandwiched between the elements 
31 and 32, with insulating mica, washers 33 and 
34 on either side. The apertures 30 are provided 
to enable the poles of a focussing magnet (not 
shown) to be brought close to the surface of the 
envelope portion 7. A slot 35 in the disc 32 is 
provided to accommodate a pin or the like in the 
apparatus (not shown) with which the device is 
to be used, in order to clbtain the proper Orienta 
tion of the electron stream with respect to the 
magnetic field. 
A cylindrical sleeve, 36 is attached to the con 

ductor rod 24 sealed through the envelope por 
tion 8 of the device. This sleeve forms a Suit 
able antenna for the arrangement to be de 
scribed With reference to Fig. 8, but is not re 
quired when the device is used in the arrange 
ment of Fig. 5. 

It Will be understood that the disc 6 with the 
resonator attached thereto will be insulated 
from the metal case 28 by means of the nica. 
Washers 33 and 34, but these washers form a by 
pass condenser for the high frequency currents 
so that the disc and resonator are effectively at 
the same high frequency potential. as the case 
This arrangement allows a suitable Operating 
potential to be applied to the resonator while 
the case 28 may be maintained at earth poten 
tial. 

Fig. 8 shows an alternative form of the ex 
ternal mechanical tuning arrangement for the 
device of the invention which differs from Fig. 5 
in a number of details. The device is shown 
enclosed in a metal case, 28 in the manner de 
scribed with reference to Figs. 6 and 7. The 
envelope portion 8 carrying the conductor rod 
and antenna, 36 projects through, a circular hole 
in the side of a hollow resonator 3 of rectangul 
lar section, the continuity of the resonator Wali 
being maintained by the disc 32 which closes 
the hole. 
The resonator 37 is closed at the right hand 

end by an adjustable piston 38, and at the left 
hand end by a diaphragm 39 having an aperture 
40. A failge 3 is provided for coupling the 
resonator to a wave guide, for example. 
The dimensions of the antenna, 36 and of the 

aperture 46 will depend upon the Wavelength 
range for which the device is to be used and 
will most easily be found by experiment. 
What is claimed is: 
1. An electron discharge device comprising a 

coaxial line type resonator having central and 
outer conductors provided with a set of aper 
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8 
tures extending along a line passing through 
said conductors, beam producing means external 
of said resonator and aligned with Said apertures, 
an envelope enclosing said resonator and said 
beam producing means, an apertured disc Se 
cured to one end of said resonator and Sealed 
through the walls of said envelope, said resona 
tor being open at the end to which said disc is 
secured, and a lead-out conductor rod Sealed 
through said envelope and capacity coupled to 
said central conductor. 

2. A discharge device as set forth in claim 1 
in which a metal plate is attached to that end 
of said rod which is inside the envelope, the said 
plate being placed close to the said central con 
ductor for the purpose of forming a condenser 
therewith. - 

3. A discharge device as set forth in claim 
further comprising a second coaxial resonator 
having its outer conductor secured to Said disc 
and its inner conductor electrically connected 
to said lead out conductor rod. 

4. A discharge device as set forth in claim 3 
in which said second coaxial resonator comprises 
mechanical means for tuning said Second reso 
nator whereby the resonator frequency of Said 
first resonator is adjusted. 

5. An electron discharge device comprising a 
coaxial line type resonator, having central and 
outer conductors provided with a set of apertures 
extending along a line passing through said con 
ductors, bearin producing means external of said 
resonator and aligned with said apertures, an 
envelope enclosing said resonator and said beam 
producing means, an apertured disc Secured to 
one of said resonators and sealed to walls of said 
envelope, said disc providing means for coupling 
said resonator to an external circuit, an accel 
erating electrode arranged about the bean path, 
said central and outer conductors having fins 
extended about said apertures and parallel to the 
line of said apertures to define gaps between the 
beam path and the interior of Said resonator. 

6. A discharge device as set forth in claim 5 
in which said resonator is open at the end Where 
said disc is secured whereby waves generated in 
said resonator pass out through that end. 

7. A discharge device as set forth in claim 6 
in Wiich said disc further comprises means for 
securing said discharge device about the aper 
ture in the external wall of a Wave guide. 

8. A discharge device as set forth in claim 5 
further comprising means closing the end of Said 
resonator at which said disc is secured and a 
loop sealed through said envelope and inserted 
through an aperture in said closing means and 
located in a region of said resonator adapted to 
have a high field intensity for transferring el 
ergy from said resonator to an external Surface 
coupled to Said resonator. 

9. An electron discharge device comprising a 
coaxial line type resonator having central and 
outer conductors provided with a set of aper 
tures extending along the line passing through 
said conductors, beam producing neans external 
of said resonator and aligned with said apertures, 
an envelope enclosing said resonator and Said. 
beam producing means, an apertured disc Se 
cured to one end of said resonatoi and Sealed 
through the Walls of said envelope, Said disc pro 
viding means for coupling, said resonator to an 
external circuit, and accelerating electrode air 
ranged (bout the bean path, Said central and 
outer conductors having fins extending about said 
apertures and parallel to the line of Said ape 
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tures to define gaps between the beam path and 
the interior of said resonator, said resonator be 
ing open at the end to which said disc is secured, 
and a lead out conductor rod sealed through Said 
envelope and capacitively coupled to the central 
conductor of said resonator. 

10. Electron discharge device as set forth in 
claim 9 in which a metal plate is attached to that 
end of the said rod which is inside the envelope, 
the said plate being placed close to said central 
conductor for the purpose of forming a con 
denser thereWith. 

11. An electron discharge device as set forth in 
claim 9 further comprising a second coaxial reS 
onator secured to said disc, the inner conductor 
of Said second resonator being electrically Con 
nected to said lead out conductor rod. 

12. An electron discharge device as set forth in 
claim 11 in which said second coaxial resonator 
comprises mechanical means for tuning said sec 
Ond resonator whereby the resonant frequency of 
said first resonator is adjusted. 

13. An electron discharge device as set forth in 
claim 1 further comprising an antenna, electri 
cally connected to said lead out conductor rod. . 

14. An electron discharge device as set forth 
in claim 1 further comprising a wave guide se 
cured to said disc and an antenna, arranged in 
side said wave guide and electrically connected 
to said lead out conductor rod. 

15. An electron discharge device comprising a 
coaxial line type resonator having central and 
outer conductors provided with a set of apertures 
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extending along a line passing through said con 
ductors, beam producing means external of said 
resonator and aligned with said apertures, an 
envelope enclosing said resonator and said beam 
producing means, an apertured disc secured to 
One end of Said resonator and sealed through 
the walls of Said envelope, a shield arranged about 
Said envelope, said shield having diametrically 
opposed openings adjacent one end thereof for 
the poles of a focusing magnet, a flange on Said 
Shield, and means Securing said flange to said 
disc. 

16. A discharge device as set forth in claim 15 
in which said shield is provided with apertures 
adapted to enable the poles of a focusing magnet 
to be brought close to the electron beam path. 

STANLEY GORDON TOMILIN. 
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